From the thermodynamic data obtained by ion-transfer voltammetry, we derive here the ionic partition diagram of 5,10,15,20-tetraphenyl-21H,23H-porphine (H 2 TPP) at the water|1,2-dichloroethane interface using a simple Born solvation model. This zone diagram shows under which form this porphyrin is present, i.e. neutral, monoprotonated or diprotonated, and in which phase i.e. either in the aqueous or the organic phase as a function of the aqueous pH and the interface polarisation that can be controlled externally or by the distribution of supporting electrolytes. This diagram explains why the monoprotonated form has been difficult to observe when doing biphasic pH titrations.
Introduction
Protonation of the porphyrin macrocycle has been extensively studied [1, 2] . Indeed, diprotonation of the porphyrin core has important effects on the static and dynamic photophysical properties when compared to their free-base parents. Some of these effects stems from increased symmetry, and are similar to those observed upon metalation. Additionally, relative to the parent free-bases, the diacids yield broadened optical bands, and increased separation between absorption and emission maxima. All these effects are in particular enhanced in diacids as that of the free-base 5,10,15,20-meso-tetraphenylporphyrin (H 2 TPP) [3] .
Upon protonation of the free-base porphyrins, the symmetry changes from D 2 h to D 4 h. Indeed, porphyrin diacids have non-planar structures with mainly saddle-type distortions of the porphyrin ring, as revealed by X-ray crystallography [4] [5] [6] [7] . Deviations from planarity for diacids bearing meso-phenyl rings, such as H 2 TPP diacids, approach in magnitude those obtained in peripherally crowded porphyrins, such as free-base octaethyltetraphenylporphyrin (H 2 OEP) [8] , dodecaphenylporphyrin (H 2 DPP) [9] . The porphyrin diacids are usually the chromophore of the protonated form and monocations can only be obtained under special experimental conditions. Corwin et al. have reported the protonation of porphyrin observing four, three, and two Q bands for the free-base, monoprotonated and diprotonated porphyrins, respectively [10] .
On the other hand, voltammetry at liquid|liquid interfaces has proved to be a very useful tool to study the interfacial protonation of lipophilic molecules as pioneered by Hofmanova et al. [11] Over the last two decades, the transfer of H + ion facilitated by ion carriers or basic extractants has been studied extensively [12] [13] [14] [15] . Homolka et al. investigated proton transfer across the water|nitro-benzene (W|NB) interface assisted by a series of amines with an aromatic ring, discussed the dependence of the transfer process on the structure of the proton acceptors and obtained the kinetic and thermodynamic parameters of the process [16] . Additionally, the transfer mechanism of protonated l,10-phenanthroline and its derivatives between the aqueous phase and 1,2-dichloroethane (1,2-DCE) phase was elucidated by Yoshida and Freiser using current scanning polarography at an ascending water electrode [14] . The transfer behaviour of protonated acridine across the W|NB interface has been studied by Liu and Wang [15] using chronopotentiometry with linear current scanning, polarography with the electrolyte dropping electrode [17, 18] and cyclic voltammetry [19, 20] . Ion-transfer voltammetry at the ITIES has now become a well-established method to study the acid-base properties of molecules dissolved in an organic phase in contact with an aqueous electrolyte. As shown by Reymond et al. for the study of therapeutic molecules, this methodology allows the determination of acidity constant and ultimately the formulation of the so-called io- 
Experimental section

Chemicals
All chemicals are analytical grade and used as received without further purification. Lithium chloride (LiCl, >99%), bis(triphenylphosphoranylidene)ammonium chloride (BACl, >98%), tetramethylammonium chloride (TMACl, >98.0%), and 1,2-dichloroethane (1,2-DCE, >99.8%) were bought from Fluka. Lithium tetrakis(pentafluorophenyl)-borate (LiTB) was provided by Boulder Scientific Company. Bis(triphenylphosphoranylidene)ammonium tetrakis (pentafluorophenyl)-borate (BATB) was prepared by metathesis of BACl and LiTB in a methanol/water (V/V = 2) mixture, followed by recrystallization in acetone. The aqueous solutions were prepared with ultrapure water from a Milli-Q system (Millipore Milli-Q185). No buffer was used not to introduce extra ions in the aqueous phase, and the solution pH was adjusted by addition of HCl. H 2 TPP was synthesized following the typical procedure [30] .
Electrochemical measurements
The electrochemical experiments were performed on an Ivium Compact Stat in a four-electrode configuration by using a conventional glass cell with a cross section of 1.53 cm 2 . The electrolyte compositions of the cells are illustrated in Scheme 1. LiCl and BATB were employed as the aqueous and organic supporting electrolytes, respectively. The potential scale reported is referred to the Galvani potential difference obtained by correcting the applied potential with respect to the formal ion transfer potential of TMA
Results and discussion
As illustrated in Fig. 1 , the presence of H 2 TPP in the organic phase results in a double assisted proton transfer reaction. The first wave represents the transfer of a proton from water to 1,2-DCE facilitated by H 2 TPP that in fact is the first protonation of H 2 TPP to form the mono-acid H 3 TPP + in 1,2-DCE, and the second one represents the facilitated transfer of a second proton by H 3 TPP + . These two processes can be expressed as:
To determine the apparent assisted ion transfer potential of H + , the scan rate dependence of the cyclic voltammetry together with the concentration dependence were extrapolated to zero scan rate and peak to peak separation of approximately 60 mV was observed (see SI of [28] ). The diffusion coefficient obtained from the scan rate and the concentration dependence were both found to be equal to 6. , respectively, can be estimated by exploring the pH dependence presented in Fig. 2 of the apparent transfer potential of the second and first respectively according to equation [32] : the diffusion coefficients of the proton acceptor ligand and its protonated form, and for simplicity it can be assumed that
The relationship between D w o / and the pH w is found to be linear, and the intercept allows the determination of the pK a in the organic phase. As shown in Fig. 1 in Ref. [28] and as confirmed in the present study, pK DCE a1 and pK DCE a2 were found to be equal to 6.0 and 9.8 using TB À as the organic counter anion, and 6.7 and 10.3 when using TPBCl À as the organic counter anion [29] showing the influence of the organic supporting electrolyte in the basic properties of the porphyrin with 
Ionic partition diagrams have proved to be a rather useful representation of thermodynamic equilibria involving ionisable species in biphasic liquid systems [21] [22] [23] [24] . The method consists in representing the domains of predominance of the various species as a function of applied potential and aqueous pH. The construction of the partition diagram of an ionisable solute follows the well-known potential versus pH diagrams developed by Pourbaix [33] .
Ion transfer reactions
As the boundary lines represent the locus where the concentrations of two contiguous species are equal, the Nernst equations for ion transfer reactions can be used directly to determine the evolution of the potential with pH for the partition of each ionic species between the two phases:
Although the monocation does not exist in water under normal experimental conditions, it is interesting to evaluate this theoretical borderline to gain access to the estimation of the second acidity constant K 
where the superscripts ''o'' and ''w'' stand for organic 1,2-DCE phase and water, respectively. The standard transfer potential of H 3 TPP + can be calculated from the Nernst equation for proton transfer to give According to the Born solvation model, the Gibbs energy of solvation, is the sum of a term for the solvation of the equivalent neutral species and one for the ion-solvent contribution of the charge, DG IS , given by [34] :
where e is the elementary charge, N A is the Avogadro's constant, r is the molecular radius, e r is the relative permittivity, z is the charge number and e 0 is the vacuum permittivity. In this way, the standard partition coefficient for H 3 TPP + is related to the partition coefficient of the neutral H 2 TPP by:
According to Eq. (8), the ratio P 
we can calculate K À log P 0 H 2 TPP represents the apparent extraction pK a . Indeed, to extract H 2 TPP from the organic phase, the pH of the aqueous phase should be smaller than the apparent pK a value, which can be estimated here at being equal to about À4.0.
Line 
The acidity constants in the organic phase were determined by voltammetry, and as before we shall use the Born solvation model to estimate the aqueous pK a values. Similarly, we have:
representing a shift of À35.2 kJ mol À1 for a diameter of 1.3 nm. By subtraction of Eqs. (13) and (9), we have
By comparing Eqs. (5) and (12), we have also Assisted proton transfer reactions
The Nernst equation for proton transfer gives
The borderline of the partition diagram for the equiconcentration of H 2 TPP and H 3 TPP + in the organic phase is then
In this case, the Nernst equation for proton transfer gives 
